Purpose The purpose of this retrospective study was to examine the association of facet tropism and progressive facet arthrosis (PFA) after lumbar total disc replacement (TDR) surgery using ProDisc-L Ò . Methods A total of 51 segments of 42 patients who had undergone lumbar TDR using ProDisc-L Ò between October 2003 and July 2007 and completed minimum 36-month follow-up period were retrospectively reviewed. The changes of facet arthrosis were categorized as non-PFA and PFA group. Comparison between non-PFA and PFA group was made according to age, sex, mean follow-up duration, grade of preoperative facet arthrosis, coronal and sagittal prosthetic position and degree of facet tropism. Multiple logistic regression analysis was also performed to analyze the effect of facet tropism on the progression of facet arthrosis. Results The mean age at the surgery was 44.43 ± 11.09 years and there were 16 males and 26 females. The mean follow-up period was 53.18 ± 15.79 months. Non-PFA group was composed of 19 levels and PFA group was composed of 32 levels. Age at surgery, sex proportion, mean follow-up period, level of implant, grade of preoperative facet arthrosis and coronal and sagittal prosthetic position were not significantly different between two groups (p = 0. 264, 0.433, 0.527, 0.232, 0.926, 0.849 and 0.369, respectively). However, PFA group showed significantly higher degree of facet tropism (7.37 ± 6.46°) than that of non-PFA group (3.51 ± 3.53°) and p value was 0.008. After adjustment for age, sex and coronal and sagittal prosthetic position, multiple logistic regression analysis revealed that facet tropism of more than 5°was the only significant independent predictor of progression of facet arthrosis (odds ratio 5.39, 95 % confidence interval 1.251-19.343, p = 0.023). Conclusions The data demonstrate that significant higher degree of facet tropism was seen in PFA group compared with non-PFA group and facet tropism of more than 5°had a significant association with PFA after TDR using ProDisc-L Ò .
Introduction
Although lumbar total disc replacement (TDR) is known for its advantage of motion preservation, several authors have indicated that kinematic changes in quality and quantity of motion following TDR could affect adversely on facet joint at index segment and consequently lead to the progression of facet joint arthrosis (PFA) [1] [2] [3] [4] [5] . For this reason, significant facet disease has been considered as one of the ten primary contraindications to TDR [6] , and Bertagnoli et al. [7] also suggested that osteoarthritic change of facet joint was poor indication to disc arthroplasty.
Facet tropism is defined as asymmetry in both the facet joint angles [8] . It is postulated that when tropism exists, asymmetric axial rotation of motion segment would occur [9, 10] and many authors suggested that this anatomic difference of facet angle was a predisposing factor for the development of diverse pathology including disc disease, spondylolisthesis and facet degeneration [9, 11, 12] .
So far, most of previous studies have focused on the relationship between facet tropism and degenerative spinal disease as already mentioned above, while there has been no study dealing with the association between facet tropism and PFA after lumbar TDR surgery as far as we know.
We hypothesized that if artificial disc was designed to provide a symmetric axial rotatory movement and if it was implanted at both coronally and sagittally proper position, asymmetric loading caused by facet tropism will significantly affect on the fate of facet joint after lumbar TDR surgery. To verify this, we present our result obtained from retrospective study focusing on the association of facet tropism and PFA after lumbar TDR surgery.
Materials and methods
Forty-four patients who underwent lumbar TDR surgery for degenerative disc disease (DDD) between October 2003 and July 2007 and could be followed for at least 36 months were enrolled in this study. All patients underwent lumbar TDR using ProDisc-L Ò (Synthes Spine, West Chester, PA, USA) by single surgeon (C.K. Park). The exclusion criteria included spondylolysis, spondylolisthesis, spinal stenosis, advanced facet arthrosis, osteoporosis, prior fusion, obesity, pseudoarthrosis, scoliosis and deficient posterior element.
Plain radiograph was obtained preoperatively, postoperative immediately and at the final follow-up. CT scan was used to evaluate change of facet arthrosis both before surgery and at the final follow-up.
Four grades of facet joint arthrosis were defined using the Pathria grading system [13] which was based on the findings of CT scan, preoperatively and at the time of minimum 36 months follow-up. The interpretation and grading of facet arthrosis were assigned to a clinical fellow who was completely unaware of any information of this study. The PFA was defined as the increase in the degeneration grade of the facet joints after TDR and the all segments were divided into two groups, non-PFA group and PFA group. Between these two groups, comparisons of age at surgery, sex proportion, mean follow-up duration, level of implant, grade of preoperative facet arthrosis, coronal and sagittal prosthetic position and difference of facet angles were made and analyzed.
Preoperatively, the facet joint angle relative to the sagittal plane at index level was measured on the axial CT images using the method described by Noren et al. [12] (Fig. 1) . Axial CT scan images that bisected the intervertebral disc were obtained. On an axial image, two lines were made, one was reference line that passed through the center of the disc and the base of the spinous process and the other was facet line that connected the two points, the anteromedial and posterolateral margin of the superior articular facet. Then, the difference between the right and left facet angle of each segment was calculated. For this study, we defined facet tropism as the bilateral angle difference greater than 5°as in Noren et al.'s study [12] and grouped into two groups, non-facet tropism and facet tropism group.
On postoperative radiographic image, the sagittal and coronal positions of prosthesis were assessed. The position of the prosthesis in the coronal plane was defined as the ratio of the distance between the center of the lower keel and the nearer lateral margin of the upper endplate to the whole distance of the upper endplate in the caudal vertebra in anteroposterior projection of radiograph ( Fig. 2A) and categorized into two groups according to the ratio (midline group \0.025, off the midline group [0.025). The position of the prosthesis in the sagittal plane was defined as the ratio of the distance between the posterior margin of the upper endplate and the posterior margin of the prosthesis divided by the length of the upper endplate of the caudal vertebral body (Fig. 2B ) and these ratios were classified into two groups (anterior group \0.100, posterior group [0.100). The data were analyzed using SPSS for Windows (version 18.0.0; SPSS Inc., USA). In the comparison between non-PFA and PFA group, v 2 test was used for categorical variable and t test for continuous variables. Multiple logistic regression analysis was used to analyze the associations between PFA and facet tropism while adjusted for age, sex, level of implant and coronal and sagittal position. Based on odds ratio and confidence interval from regression analysis, relative risk of facet tropism on PFA after TDR surgery and adequacy of sample size would be evaluated.
In prior to analyze, each factor was converted into a categorical variable (age: more than 40 or not, coronal position: midline and off the midline group, sagittal position: anterior and posterior group, facet tropism: more than 5°or not) except for sex and level of implant. The data were expressed as mean and standard deviation (mean ± SD) and the result was considered statistically significant if the p value was \0.05.
Results
The patient population was composed of 16 males (38.1 %) and 26 females (61.9 %). The mean age was 44.43 ± 11.09 years (range 24-69 years) and the mean duration of follow-up was 53.18 ± 15.79 months. Nine patients underwent two levels of TDR surgery and totally 51 implanted segments were analyzed. Twenty-four cases of TDR (47.0 %) were performed at the level of L4-5 and there were 27 cases of TDR (52.9 %) at L5/S1 level. The mean angle of facet tropism at L4-5 level was 5.60 ± 4.44°and 6.26 ± 6.91°at L5-S1 level, which showed no statistically significant difference (p = 0.703).
In the overall population, the mean value of Pathria's grade increased from 0.25 ± 0.48, preoperatively to 1.27 ± 1.09 at the time of final follow-up, which showed statistically significant increase (p = 0.000) and the mean degree of facet tropism was 5.93 ± 5.83°.
Non-PFA group was composed of 19 levels (37.3 %) and PFA group was composed of 32 levels (62.7 %). The results of comparisons between non-PFA and PFA groups (Table 1 ) showed no differences in mean age at surgery (p = 0.264), sex proportion (p = 0.433), mean follow-up duration (p = 0.527), and level of implant (p = 0.232). Preoperative facet arthrosis (Pathria grade) was not significantly different (p = 0.926) between two groups as well. Both the ratio of coronal and sagittal position of prosthesis did not show significant differences (p = 0.849, 0.369) between two groups; however, the mean degree of facet tropism in PFA group (7.37 ± 6.46°) was significantly higher than that of non-PFA group (3.51 ± 3.53°, p = 0.008).
The distribution of measured angle of facet tropism in both non-PFA and PFA groups was shown in Fig. 3 . While the over the half of values of facet tropism in PFA group were distributed over the 5.0°, the most of values in non-PFA group were distributed on x axis of lesser than 5.0°. Table 2 shows the results of the multivariate analysis of the association between PFA and facet tropism, while adjusting for age, sex, level of implant and coronal and sagittal position. In the present study, after adjustment for age, sex, level of implant and coronal and sagittal position, facet tropism of more than 5°was significantly associated with PFA (OR 5.39, 95 % CI 1.25-19.34; p = 0.023).
Discussion
The progression of facet arthrosis after TDR surgery has been known as one of negative side effects [1, 3, 14, 15] and considered as a reason for unsatisfactory pain relief even after successful implantation [16] . Shim et al. [3] , in their comparative study of two kinds of prosthesis (CHARITE vs. ProDisc), reported 36.4 and 32 % of the facet degeneration in the CHARITE and ProDisc group, respectively. Siepe et al. [4] described the results of implantation of the ProDisc from 93 patients with 53.4 months of follow-up and reported 20.0 % of the facet degeneration. In the current study, the data revealed high prevalence of PFA observed in 26 patients (59.1 %) and 32 levels (62.7 %) compared with previous published studies [3, 4] . One possible explanation for this result could be that in our study, CT scan was used to assess the change of facet joint arthrosis rather than MR imaging. Owing to precise demonstration of osseous details, CT was believed to be more sensitive than MR imaging in the depiction of joint space narrowing and subchondral sclerosis [17] and that would seem to induce a high occurrence rate of PFA in the present study.
Regarding the clinical significance of facet tropism, highly controversial debates have existed surrounding the question of whether or not there was any significant relationship between facet tropism and the development of disc degeneration and degenerative spondylolisthesis [9, 10, 12, 18] . In addition, relations between facet tropism and facet arthrosis have been contentious issue as well [19, 20] . Grogan et al. [19] , in their study with 21 cadavers, insisted that lumbar facet joint tropism did not accelerate facet joint degeneration. However, small number of specimens, smaller number of facet tropism (10 out of 104 facet joints) and not taking into account the level where facet tropism was exhibited were major limitations of their study. In the present Fig. 3 Graph showing the distribution of measured angle of facet tropism in both non-PFA and PFA groups OR odds ratio, CI confidence interval a For each variable, below 40 years, male, coronally midline group, sagittally posterior group, level of L5-S1 and facet tropism lesser than 5.0°were taken as the reference study, there was no statistically significant difference of facet arthrosis according to the level of implant, however, individuals with PFA after TDR surgery showed statistically higher degree of facet tropism than individuals without PFA and this result was in agreement with Kong et al. [20] study. There are various criteria of determining facet tropism. Noren et al. [12] defined facet asymmetry as a bilateral angle difference greater than 5°and some authors [18, 21] defined facet asymmetry as a bilateral angle difference greater than 1 standard deviation. We defined facet tropism to be bilateral angular asymmetry greater than 5°which was adopted from the definition of previous study [12] and according to the findings in the distribution of measured angle of the facet tropism, the most of angle of facet tropism in non-PFA group was less than 5°while the majority of PFA group distributed over the 5°.
Various factors seem to be related with PFA after TDR. The prevalence of facet arthrosis was 24 % in patients below the age of 40, however, this number increased to 44.7 % for patients above the age of 40 and these data supported the possibility of age as a attributable factor for the development of PFA after TDR [4] .
Park et al. [2] followed 41 segments of TDR using ProDisc in 32 patients for 32.2 months, and reported that PFA after TDR was related to female gender and the malposition of prosthesis on coronal plane. They explained that the female was susceptible to facet arthrosis owing to high prevalence of osteoporosis, and asymmetric movement of the disc by improper position of prosthesis could cause uneven facet loading.
Not only proper position of coronal side but also sagittally well-positioned prosthesis has important implications to the facet joint as well. Dooris et al. [14] reported that when the prosthesis was implanted anteriorly, lordosis increased and the loads of facet joint were 2.5 times greater. Based on these results, they concluded that anteriorly improperly placed prosthesis could cause facet arthrosis and dysfunction.
It was reported that the ROM at the L5-S1 is lower than at other levels for the ProDisc-L Ò prosthesis [22] due to its firm stabilization by the iliolumbar ligaments, and theoretically, a hypermobile motion segment might contribute to the degeneration of the facet joints. Although there was no statistical relationship between PFA and the level of implantation in this study, it is important to consider the development of facet degeneration depending on its related levels of facet tropism [20] .
The aforementioned variables such as age, sex, position of prosthesis and level of implantation can play a role as a confounding factor in determining the factors associated with PFA after TDR. In this study, adjusting these factors, multivariate analysis revealed that only facet tropism of more than 5°had a significant association with PFA after TDR. One possible explanation for this result could be that the combination of altered biomechanics of implanted segment and predisposing morphological joint configuration, that is facet tropism, leads to or accelerates the development of facet instability and degeneration. To implant disc prosthesis, resection of both anterior longitudinal ligament (ALL) and anterior annulus is required. As a direct result of loss of these structures, a significant increases in range of axial rotation and facet loading would occurred [23, 24] , and a motion segment where disc prosthesis was implanted became vulnerable to rotatory instability. By nature, the role of facet joint is to limit the axial rotation and maintain the stability of motion segment [25] , however, with asymmetry of facet joint, uneven rotatory movement would occur [10] and that would be more worsened by absence of ALL and anterior annulus after prosthesis implantation and accordingly, accelerate or give birth to the development of PFA after TDR.
Many studies have suggested that pathologic condition of facet joint was one of the contraindications to TDR surgery [6, 7] . However, as far as we know, there has been no study investigating the association between inherent anatomic variations of facet joint, such as facet tropism and PFA after TDR surgery. Although this study revealed statistically significant associations between facet tropism and PFA after TDR surgery, we thought that it is premature and hasty to conclude facet tropism of more than 5°could be one of the contraindications to lumbar TDR surgery. To verify this, randomized designed, larger sample sized study with various prostheses will be required.
There were several limitations to the current study. First, this is a retrospective not randomized study. Second, methodologically, there were no considerations for inter-or intra-observer reliability and this might cause lack of reliability and accuracy in this study. However, a third party who was not informed with the purpose and hypothesis of this study interpreted the change of facet joint arthrosis and this would minimize the chances of bias and could acquire its reliability. Lack of consideration about single or multi-level implantation of TDR is the third limitation of current study. Finally, confidence interval of multivariate analysis was too wide (CI 1.25-19.34), although p value was \0.05. We assume that a low lumber of cases (n = 51) underpowered our study. In the future, prospective analysis with a larger number of patients being remedied its limitations should be conducted.
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